Introduction
============

One of the major important long-term complications of breast cancer treatment is secondary lymphedema, a condition associated with adverse physical and psychosocial consequences.[@b1-ott-9-2089]

Lymphedema in patients with breast cancer is caused by the interruption of the axillary lymphatic channels by surgery and/or radiation therapy.[@b2-ott-9-2089],[@b3-ott-9-2089] Axillary dissection and radiation therapy have a synergistic effect on lymphedema risk. Lymphedema may present immediately or years after axillary dissection. Onset of the disease has been reported as late as 30 years after treatment.

Risk factors for the development of edema include surgical invasiveness, severity of the cancer (metastasis), obesity (high body mass index), chemotherapy, radiotherapy, and individual factors.[@b3-ott-9-2089]--[@b5-ott-9-2089]

Treatment of secondary lymphedema is time consuming and expensive, and an early multidisciplinary approach is required to diagnose, treat, and prevent recurrence.[@b6-ott-9-2089] The main purpose of therapy is to reduce swelling at the site of residual fluid, maintain positive postsurgical outcomes, and prevent disease progression. Modern treatment of secondary lymphedema is based on complete decongestive therapy (CDT), originally proposed by Foldi and Foldi^36^ in 1989, which aims to stimulate lymphatic drainage.[@b7-ott-9-2089] The program consists of several elements: manual lymphatic drainage (MLD), multilayer compression bandaging, physical exercise, and skin care at the site of edema.[@b5-ott-9-2089],[@b8-ott-9-2089],[@b9-ott-9-2089] According to the American Society of Oncology and Lymphology, CDT is now considered by experts to be the most effective treatment of secondary lymphedema and is already an international standard of care.[@b7-ott-9-2089],[@b10-ott-9-2089],[@b11-ott-9-2089] Numerous published randomized controlled trials examining the effectiveness of CDT have reported beneficial effects of this treatment. These studies used large patient cohorts and had treatment durations of about 3 weeks.[@b7-ott-9-2089],[@b12-ott-9-2089]

The removal of lymph nodes and lymph vessels in the affected area can compromise local integrity of the lymphatic system, thereby adversely impacting lymphatic drainage.[@b13-ott-9-2089] Radiation therapy can also damage or destroy lymphatic components, thereby further contributing to lymphatic compromise. Impairment of the lymphatic system can change the way that lymph fluid flows in an affected quadrant of the human body. Over time, sometimes years later, the lymphatic system can fail and fluid can back up, thereby causing swelling in a localized area. Chronic swelling caused by the accumulation of lymph fluid in an area of the body is called lymphedema, a condition that is common among postmastectomy patients and other cancer survivors who have had lymph nodes or lymph vessels removed, or who have undergone radiation therapy. Lymphedema typically occurs in a limb (such as an arm), but it can also occur in the torso region, especially among breast cancer survivors. It may be characterized by swelling, heaviness, pain, pitting, tightness, or hardness of the tissues.[@b14-ott-9-2089]

The topic of chest lymphedema has been raised in the literature mainly in reference to the breast-conserving surgeries, which are always accompanied by irradiation of the axilla, the preserved breast, and the chest wall in the midaxillary line just below the mammary gland. This explains the increasing frequency of secondary lymphedema of the breast and the trunk wall in addition to the usual secondary lymphedema of the arm. Mild compression of the lymphedematous and occasionally hardened fibrotic breast and trunk wall is essential to prevent progression of secondary tissue changes.[@b15-ott-9-2089]

Most of the publications in the field of physiotherapy in women who underwent mastectomy describe the CDT method in relation to the limb on the operated side, whereas the chest area, which is where the surgery and radiotherapy had been performed, is completely ignored. According to Bringezu and Günther, what is important is the extent of the surgical procedure and the application of radiotherapy because they irreversibly damage the lymphatic system, causing disruption in lymph drainage on the affected side of the body.[@b16-ott-9-2089] In light of these reports, it is understandable why in some medical centers sequential pneumatic compression (SPC) sleeves have been replaced by multichamber compression jackets ([Figure 1](#f1-ott-9-2089){ref-type="fig"}). This instrument is equipped with a special algorithm designed for lymphatic drainage and its course is consistent with the technique of MLD established by E. Vodder.[@b12-ott-9-2089] Compression begins with the stimulation of active vessels and lymph nodes (abdomen and chest, back, limb on the nonaffected side), and lymph from the upper limb on the operated side is drained only at the end of the procedure.

Because of development of the production of innovative materials and medical instruments (elastomers), which can be used in the treatment of patients with lymphedema (special bandages, sleeves, underwear, and other compression garments), compression therapy is increasingly attractive.[@b11-ott-9-2089],[@b12-ott-9-2089] Elastic compression corsets can exert controlled pressure on body regions affected by edema for a long time and they can then be removed for personal hygiene practices. The compression force can be accurately adjusted within the defined parameters. Compression therapy initially involved application of compression bandages with low elasticity rate. However, their use proved difficult in daily treatment because their application required extensive experience. Many patients refused to cooperate mainly due to the requirement to frequently remove and reapply the bandages. Many kinds of compression garments, which not only increase the venous return and reduce edema but also protect the skin and tissue from injuries, are more efficient and more likely to be worn by patients. They may be worn throughout the day and even during sleep. Surveys show that currently 75% of women with edema caused by mastectomy use compression garments, 49% apply mechanical compression therapy (pumps), and 26% apply compression bandages.[@b17-ott-9-2089] The effects of compression therapy are encouraging.[@b6-ott-9-2089],[@b7-ott-9-2089] The pressure applied on the swollen tissue not only improves the lymphatic and venous circulation but also stimulates muscles, which are a natural pumping mechanism, and removes excess protein-rich lymph fluid, thus preventing infections and fibrosis caused by edema.[@b7-ott-9-2089]

CDT has proven to be beneficial in patients with breast cancer-related lymphedema (BCRL); however, to date there is no fully effective treatment method. The development of microsurgery, to create lymphaticovenous anastomosis (bypass), raises the hope of a cure for secondary edema.[@b18-ott-9-2089] Currently, the use of MLD followed by compression treatment (using appropriate garments) in conjunction with physical exercise seems to be the therapy of choice to provide optimal and sustained therapeutic effects.[@b19-ott-9-2089]--[@b22-ott-9-2089] Treatment of lymphedema can be divided into two successive phases. The first phase shortly after the surgery aims to reduce the size of edema. The second phase consists of long-term treatment at home, aimed at maintaining and stabilizing postsurgical outcomes. Appropriately selected compression clothing is very important. In the course of practice with patients who have BCRL, we often come across cases where edema causes considerable discomfort (physical and psychological). Included in the study group were only those patients with edema located in the side of the chest, which appeared at various times after surgery despite a history of CDT using MLD ([Figure 2](#f2-ott-9-2089){ref-type="fig"}). Previously, compression therapy had been used by our patients, and it usually consisted of compression sleeves or limb bandaging and, in some patients, SPC.

Assumptions and aims of study
=============================

In this study, we examined whether the use of compression corset, including compression of the chest, would be efficacious for the treatment of chest lymphedema ([Figure 2](#f2-ott-9-2089){ref-type="fig"}) in BCRL patients.

Patients
--------

The study consisted of a total of 35 patients who had undergone surgical treatment for breast cancer. During the course of the study, six patients were excluded: in one patient cancer relapsed, two were excluded due to erysipelas, one patient withdrew because of the difficulties associated with access to the site of our research, and in one patient, the garment was not the right size. Consequently, 29 patients completed the study: 27 after a radical mastectomy, and two after breast-conserving therapy. Axillary lymph nodes were removed from all patients. The mean age of the patients was 65.24±10.22 years (range: 44.00--81.00 years), , and the mean elapsed time after surgery was 5 years. Patient treatments are listed in [Table 1](#t1-ott-9-2089){ref-type="table"}.

At the beginning, before recruiting patients, and in view of the state-of-the-art research procedures, we reported our study to the Independent Bioethical Committee for Scientific Research at the Medical University of Gdansk, Poland. The Bioethical Committee agreed to perform the research study in the range shown in the application. During recruiting patients, oncologist informed patients extensively about the study and obtained written consent.

Methods
-------

On the first day of the study, initial ultrasound measurements were taken to determine subcutaneous fat thickness on the operated side of the chest at the midaxillary line at the level of the lower sternum, and also symmetrically on the opposite side. Subsequently, patients received a properly fit compression garment ([Figure 3](#f3-ott-9-2089){ref-type="fig"}), which was worn throughout the whole study period. Compression corsets were made in standard sizes (not custom-made). No other physiotherapeutic treatments were used during this period.

The compression garment was made of flexible material with projections, and the cups were formed seamlessly. Lateral support breast/breast implants (bielastic) applied a controlled pressure on the breast/chest area, supporting the outflow of lymph and accelerating the healing process. The built-up back and cuts under the arms provided good support for promoting drainage of lymph in the area of the armpits and upper back. Maximum extensibility of the most elastic area of the fabric was 105%. At 35%--50% extensibility, the material displays dynamic behavior toward both points of the scale. After calculating the results of three trials, an average value of 2.535 kPa was obtained. The value of compression corresponds to 18.987 mmHg (I class compression). Applied compression class is designed for long-term treatment, including at night.[@b23-ott-9-2089] Corsets were selected individually for each patient, taking into account the circumference under the bust and cup size. All corsets have seamless, breathable, bilateral pockets for the prosthesis.

Ultrasound imaging was performed in B-mode (Voluson E8, the probe ML6-15; GE Healthcare, Piscataway NJ, USA). Measurements were made symmetrically on both sides of the chest at the midaxillary line at the level of the lower sternum (measuring point 1). The obtained values were referenced to the equivalent position on the nonoperated side (measuring point 2; [Figure 4](#f4-ott-9-2089){ref-type="fig"}). To reduce the influence of the compression by ultrasound probe on the tissue, recordings were taken through a thick gel layer. Symmetric measurements of the thickness of subcutaneous tissue of the operated and nonoperated side were used to obtain values of asymmetry, which were independent of patient hydration, ambient temperature, time of year, and hormonal influences. The use of the coefficient of asymmetry also eliminated the influence of variations in thickness of body fat. The patients were examined three times: at baseline on the first day of observation; after 2 months; and after an additional 4 months (total follow-up of 6 months). Data obtained at the first and 6-month follow-up time points were analyzed.

The Lilliefors test for normality revealed that the data were not normally distributed. Therefore, data were analyzed using the nonparametric Wilcoxon test of matched pairs.

After 6 months of follow-up, patients were given a survey and were questioned about the corset worn. They were asked in detail about fitting the corset (straps, width, thickness, size of bowls, etc), breathability and moisture drainage, resistance to sweat, appearance, quality after washing, subjective feelings of stimulation of lymph outflow, improvement of skin, and scars appearance. Patients had to choose the answer: I have no opinion -- 0 points, unsatisfactory -- 1 point, satisfactory -- 2 points, good -- 3 points, and very good -- 4 points. For each of the questions, the results were presented in the form of a histogram. Because of the volume of this work, only results concerning the fit and comfort of wearing are presented.

Results
=======

At examination I (baseline), the highest value of the quotient of the operated side to the nonoperated was 2.57, the lowest was 0.62, the median value was 1.026, and the mean was 1.159. At examination II (6-month follow-up), the corresponding values were as follows: maximum 1.36, minimum 0.60, median 0.987, and mean 1.025. ([Table 2](#t2-ott-9-2089){ref-type="table"} and [Figures 5](#f5-ott-9-2089){ref-type="fig"} and [6](#f6-ott-9-2089){ref-type="fig"}). From the above values, it appears that wearing a compression corset for 6 months reduced the thickness of the subcutaneous tissue, and thus the size of the edema reduced on average by 12%. An example of clinical improvement is presented in [Figures 7](#f7-ott-9-2089){ref-type="fig"} and [8](#f8-ott-9-2089){ref-type="fig"}.

[Figures 9](#f9-ott-9-2089){ref-type="fig"}[](#f10-ott-9-2089){ref-type="fig"}[](#f11-ott-9-2089){ref-type="fig"}--[12](#f12-ott-9-2089){ref-type="fig"} show histograms created on the basis of a subjective assessment of compression corsets by patients after a 6-month period of use during day and night. For each question, 100% response rate was recorded. As many as 70% of respondents marked "a very good comfort wearing the corset", and none of them evaluated it negatively. Breathability of corset material was rated as good by almost 52% of respondents, and 41% rated it as very good; none of the patients identified it as unsatisfactory. The feeling that the material causes on the skin was defined as very good (55%) and good (38%). Again, no patient described it as unsatisfactory. Important for the evaluation of the therapy results was also a question about a corset effect on stimulating the outflow of lymph. Only one of the patients was not satisfied with the impact of the corset to stimulate lymph drainage and three had no opinion on the subject; in contrast, 44% commented as good and 27% as very good.

Discussion
==========

Lymphedema after breast cancer treatment is an important, long-term, and persistent complication that affects the patient's quality of life.[@b24-ott-9-2089] If it is not diagnosed and treated in the early period, treatment may be difficult and the disease becomes chronic. Once developed, lymphedema cannot be completely cured; therefore, it is important to prevent this condition.[@b1-ott-9-2089] Although risk factors for lymphedema after breast cancer treatment relate primarily to the axillary dissection or radiation therapy, other risk factors may play a role in lymphedema development, given that even sentinel node biopsy has been associated with a 0%--6% risk of lymphedema.[@b25-ott-9-2089] In the study group, all 29 patients had axillary lymphadenectomy performed, of whom 23 had additional adjuvant therapy.

Thereafter, maintenance CDT is required, which is mostly home-based (self-management) compression therapy. In our patients, the oncological treatment varied ([Table 1](#t1-ott-9-2089){ref-type="table"}), and the length of time from the operation to the implementation of the compression garment was also different. Each of the patients enrolled, in the past repeatedly had comprehensive MLD physiotherapy, however, limited only to rehabilitation of the extremity on the surgery side (without elaboration of the chest).

In all 29 cases, however, at baseline, distinct edema located at the side of the chest was observed, causing significant ailments. Since numerous physiological and clinical factors influence the development of edema, after surgical treatment for breast cancer, there is no single recommended procedure. Eighty percent of the upper limb lymphatic circulation drains to the axillary lymph nodes, so the size of the edema depends on how radical the surgery of axillary dissection was[@b22-ott-9-2089] and on the subsequent radiation and chemotherapy.

Because of the progressive nature of lymphedema, the effects of the treatment depend on the detection time, promptness of implementation, and type of treatment. Although some clinical examination methods such as metric measurements are commonly used, they are not sufficient because they identify the disease when symptoms are clearly visible.[@b26-ott-9-2089],[@b27-ott-9-2089] Development of lymphedema following breast cancer surgery involves numerous physiological and clinical factors, which impairs efforts to define the most appropriate treatment. Gurdal et al[@b28-ott-9-2089] pointed out that the combination treatment modalities including intermittent pneumatic compression with self-lymphatic drainage, and MLD with compression bandage, are both effective and tolerable modalities in the treatment of arm lymphedema.

As mentioned above, unfortunately, most of the publications in the field of physiotherapy in women who underwent mastectomy describe the CDT method in relation to the limb on the operated side, whereas the chest area, which is where the surgery and radiotherapy had been performed, is completely ignored. So it was with all of our patients who underwent physiotherapy repeatedly without elaborating the chest on the surgery side despite the apparent lymphedema.

The chest region on the nonoperated side is the region where lymph fluid flows from the dysfunctional side after mastectomy. In addition to basic techniques, more techniques can be performed on median sagittal watershed, with the gravity center on axillo-axillary anastomoses to improve lymphangiomotoricity of the healthy vessels. This procedure is based on the assumption that to drain the lymph fluid from the chest region on the operated side after the surgery, and then from the upper limb with axillary lymphadenectomy, first it is necessary to stimulate lymphangiomotoricity of superficial lymphatic system on the healthy side of the chest. To obtain a more profound effect, additional manual techniques can be performed on the intercostal space, on the edge of the chest, and in the epigastric region.

In irradiated patients the stimulation of lymph vessels, manual techniques to improve the lymph flow from the upper limb, should be performed on the dorsal side[@b16-ott-9-2089] ([Figure 13](#f13-ott-9-2089){ref-type="fig"}). Analyzing the figure, it can be seen that in this study, the applied compression corsets (18.987 mmHg) activate with their compression the same areas of lymph outflow.

Compression garments of I compression class are designed to apply external pressure to an affected area, thereby helping to maintain the therapy results. A compression garment can also improve the pumping of lymphatics and veins as well by creating a firm abutment for muscles to work against. Another benefit of a compression garment is that it reduces local blood volume in the veins, which in turn results in increased velocity in the vein and greater fluid throughput.[@b14-ott-9-2089] To achieve this goal, compression treatment should preferably be applied round the clock. Permanent maintenance of pressure at the site of edema stimulates drainage of lymphatic fluid. Most of our patients in a questionnaire positively assessed wearing comfort of compression corsets (also during the nighttime). They also emphasize that the material from which the corset is sewn has excellent moisture draining capacity, preventing sweat accumulation, especially during the night.

Badger et al[@b29-ott-9-2089] compared the effects of bandaging and compression sleeves, which were applied for 24 weeks in patients, and confirmed the effectiveness of both methods. Our observation shows that compliance is much better if the patient can use comfortable compression clothes. Overall, studies in the literature indicate that the use of compression garments significantly improves treatment results.[@b30-ott-9-2089],[@b31-ott-9-2089] Compression sleeves and gloves are most frequently used in patients with lymphedema. However, no clinical studies can be found on the use of compression corsets. Research by Vignes et al showed that after 1 year of treatment, therapy is not continued by 38.1%--53.1% of patients, and after 4 years, up to 64.8% of patients discontinue therapy.[@b32-ott-9-2089] On the basis of the literature, there appears to be a slow retreat from time consuming and costly MLD treatment in favor of specially designed compression garments.[@b32-ott-9-2089],[@b33-ott-9-2089] Our prospective pilot study of patients, in whom edema occurred at the side of the chest despite previous treatment, showed the high efficacy of compression corsets. The cause of lymphatic fluid reservoirs in the side of the chest in our patients is not clear. We hypothesize that the cause may be related to insufficient patency of collateral lymphatic vessels of the chest. When performing therapy, attention should be focused on moving the high protein fluid, which fills the interstitial space, to reach areas of the skin where physiological lymphatic drainage is properly functioning.

In 1989, Foldi and Foldi[@b34-ott-9-2089] described that these substitute drainage areas for lymphedema of the extremities (axillary barrier post-lymphadenectomy) are usually just the trunk of the body. A review of the literature leads to the conclusion that the use of compression garments significantly improves the results in lymphedema treatment.[@b31-ott-9-2089] The most commonly used compression garments are compression sleeves and gloves. Unfortunately, the available literature does not provide any clinical publications associated with the use of truncal compression corsets. It is known that the effect of treatment depends not only on the aforementioned risk factors of edema in patients after surgical treatment of breast cancer, but also on the number of lymphatic sinuses,[@b5-ott-9-2089] which may be stimulated by correct treatment during anticongestive manual therapy,[@b4-ott-9-2089],[@b34-ott-9-2089] supplemented with compression corset therapy which is highly accepted and well tolerated by patients.

Conclusion
==========

After surgical treatment of breast cancer, lymphatic fluid reservoirs may form in the side of the chest. The most likely cause, in addition to individual factors, is the lack of chest physiotherapy treatment on the side of the surgery. The use of carefully selected compression corsets is an effective, simple, and cheap treatment in these conditions. Corsets should be included as an integral part of compression clothing sets. In the absence of many reports in the literature, further studies are necessary to objectify and confirm the positive effects of compression corsets after axillary lymphadenectomy.
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![Lymphedema in the side of the chest on the operated side (lateral \[**A**\] and posterior \[**B**\]).](ott-9-2089Fig2){#f2-ott-9-2089}

![A compression corset relieving the lymphatic system (anterior \[**A**\] and posterior \[**B**\] view).](ott-9-2089Fig3){#f3-ott-9-2089}
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![The median thickness ratio of subcutaneous tissue on the side of the chest on the operated side versus nonoperated side at the beginning and after 6 months of treatment.](ott-9-2089Fig5){#f5-ott-9-2089}

![Mean quotient of the thickness of subcutaneous tissue on the side of the chest on the operated side versus nonoperated side at the beginning and after 6 months of treatment.](ott-9-2089Fig6){#f6-ott-9-2089}

![The patient 6 months before treatment with corset.](ott-9-2089Fig7){#f7-ott-9-2089}

![The patient after wearing a compression corset for 6 months.](ott-9-2089Fig8){#f8-ott-9-2089}

![Wearing comfort of compression corsets by patients after a 6-month period.](ott-9-2089Fig9){#f9-ott-9-2089}

![Breathability of compression corsets by patients after a 6-month period.](ott-9-2089Fig10){#f10-ott-9-2089}

![Feeling on the skin of compression corsets by patients after a 6-month period.](ott-9-2089Fig11){#f11-ott-9-2089}

![Subjective stimulation of lymph outflow after a 6-month period of therapy.](ott-9-2089Fig12){#f12-ott-9-2089}

![Chart of the manual drainage range in the secondary unilateral lymphedema of the upper limb.\
**Notes:** Body regions marked in blue are the so-called substitute lymph flow regions, and the regions marked in yellow are gravity points or regions affected by edema. Arrows indicate different directions to perform drainage.](ott-9-2089Fig13){#f13-ott-9-2089}

###### 

Type of cancer treatment in the patients studied

  Number of patients, 29           
  -------------------------------- ----
  Mastectomy                       27
  Breast-conserving therapy        2
  Axillary lymph node dissection   29
  Radiotherapy                     3
  Chemotherapy                     6
  Chemotherapy + radiotherapy      14
  No adjuvant treatment            6

###### 

Quotient of the thickness of subcutaneous tissue on the operated side of the chest versus the nonoperated side

  Number of patients   Operated side   Examination I (operated/not-operated ratio)   Examination II (operated/not-operated ratio)
  -------------------- --------------- --------------------------------------------- ----------------------------------------------
  1                    L               0.92                                          0.92
  2                    R               1.53                                          1.22
  3                    R               0.95                                          1.04
  4                    L               0.99                                          0.88
  5                    L               0.93                                          0.94
  6                    R               1.52                                          1.32
  7                    L               1.03                                          1.00
  8                    R               0.99                                          1.05
  9                    L               1.23                                          0.96
  10                   R               0.90                                          0.98
  11                   R               1.11                                          1.05
  12                   L               0.62                                          0.96
  13                   R               0.93                                          0.99
  14                   R               1.18                                          0.94
  15                   L               1.12                                          0.60
  16                   R               0.97                                          1.03
  17                   R               0.98                                          1.36
  18                   R               0.88                                          0.78
  19                   R               2.31                                          1.36
  20                   L               1.29                                          1.13
  21                   L               0.89                                          0.83
  22                   L               1.11                                          0.9
  23                   L               1.38                                          1.31
  24                   R               1.15                                          0.96
  25                   L               2.57                                          1.28
  26                   R               1.04                                          0.99
  27                   R               0.91                                          0.86
  28                   R               0.9                                           0.75
  29                   R               1.3                                           1.35

**Abbreviations:** L, left; R, right.
